Let u and v denote the axes of a 2D image obtained from the imaging system and assume that f [u,v] is a probability density function (pdf) given by the state estimation module that defines the probability of observing the center of the acrylic sphere at location (u,v) in the image. This density function can be used to define a covariance matrix:
The trace of this covariance matrix was used as a metric of feedback.
[Top-left] A plot of the trace of the covariance matrix corresponding to the object of interest as a function of the location of the sphere both with (asterisks) and without (triangles) use of feedback. The horizontal axis denotes the location of the sphere as it moves in front of the bowtie filter. The attenuation increases as the sphere moves from the middle of the bowtie filter towards the edges and crosses the edge. The vertical axis shows tr(C) in units of pixels. Also shown in this plot is the specified threshold of 1000 pixels. The case without feedback operating at a fixed tube current of 1.6 mA exceeds the specified threshold as the background thickness increases while the feedback case is able to maintain the precision.
[Top-right] A plot of the tube current as a function of the location of the sphere both with (asterisks) and without (triangles) use of feedback. In the case with feedback, the system uses just enough exposure to meet the precision requirements of the procedure.
[Left] Experimental setup showing a flat panel detector, an X-ray source, and a motion arm that was used to move the acrylic sphere. 
